A major disadvantage of conventional amiodarone therapy is the long delay between initiation of therapy and arrhythmia suppression. In this study, the hypothesis was tested that complex ventricular arrhythmias would be suppressed rapidly by an intravenous amiodarone infusion designed to achieve and maintain a therapeutic serum concentration. Eleven patients were studied. Each underwent a single intravenous dose kinetic study, followedby a two stage infusionof amiodarone that achieved and maintained a serum concentration of 2 to 3 ILg/ml. ln seven patients, arrhythmias during hours 24 to 48 after the infusion were compared with arrhythmias with4IUt therapy. Amiodarone therapy reduced episodes of ventricular tachycardia by 85% (p < 0.01), paired premature ventricular complexes by 74% (p < 0.01) and It has now been clearly established that oral amiodarone is effecti ve for the suppression of complex ventricular arrhythmias, including recurrent symptomatic ventricular tachyc ardia and ventricular fibrillation 0-9), One of the major disadvahtages of conventional amiodarone therapy is that, once therapy is initiated, an average of 9,5 days is required for arrhythmia suppression to occur (5,9). In patients with recurrent symptomatic ventricular tachycardia or ventricular fibrillation, such a delay is life-threatening and in all patients, the delay is inconvenient, psychologically draining and expensive,
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The mechanism of this delay is unknown and may be premature ventricular complexes by 60% (p < 0.05).
Four patients could not tolerate a control period without therapy because of symptomatic arrhythmias. In three patients, symptomatic arrhythmias were abolished during the 24 hour evaluation period. Two of 11 patients, both with severe left ventricular dysfunction, developed significant hypotension during the loading phase of the infusion.
It is concluded that the achievement and maintenance of a therapeutic serum concentration of intravenous amiodarone are effectivein the rapid suppression of lifethreatening ventricular arrhythmias. Caution should be employed when using large intravenous doses in patients with severely impaired left ventricular function.
due, in part, to inadequate loading doses, We have recently shown (0) that during chronic oral amiodarone therapy there was a statistically significant reduction in the incidence of complex ventricular arrhythmias associated with trough serum amiodarone concentrations greater than 2 JLg/ml as compared with serum concentrations below this level. Furthermore, we have noted (unpublished observations) that at initiation of therapy, several days of oral amiodarone at 800 mg/day are required in some patients to achieve this trough concentration, Therefore, we hypothesized that rapid effective arrhythmia suppression would result from the administration of a loading and maintenance infusion of amiodarone designed to rapidly achieve and then maintain a therapeutic serum concentration.
To test this hypothesis we studied 11 patients with complex ventricular arrhythmias, including ventricular tachycardia, Each patient underwent a single dose pharmacokinetic study, followed by a two stage intravenous infusion of amiodarone designed to achieve and maintain the serum amiodarone concentration between 2 and 3 JLg/ml. Arrhythmia suppression was evaluated during the maintenance infusion by a 24 hour two channel electrocardiographic recording, INTRAVENOUS Study design (Fig. 1) . The protocol was as follows.
Before the study, all antiarrhythmic therapy was discont inued for four half-li ves. In each case, the pharmacokinetic distribution of the drug was used to calculate a 12 hour loading infusion and a 36 hour maintenance infusion designed to achieve and maintain a serum concentration between 2 and 3 p,g/ml. The loading Pharmacokinetic data and infusion rates. The data obtained by sampling blood for 72 hours after the single 5 mg/kg dose of amiodarone on day -3 was described by the following four compartment model equation:
where C = concentration, t = time, e = base of natural logarithm s, Ph P 3 , P, and P 7 = the zero time intercept of each of the log linear components of the curve and P 2 , P 4 , P 6 and Pg = the slopes of each component line. The parameters PI to Pg were obtained using the standard backprojection or stripping technique (11). As an example of the method , the derivation of those parameters from the raw data for Patient 9 are shown in hours, a total of 19blood samples were obtained at specified times. Beginning on day 0, a 12 hour loading and then a 36 hour maintenance infusion were administered, designed to achieve and then maintain the serum amiodarone concentration between 2 and 3 JLg/ ml. The first 12 hours of the maintenance infusion was the dosage adjustment period and the last 24 hours was the evaluation period during which a second two channel dynamic electrocardiogram (EVALUATION 24 HR ECG) was obtained to assess the efficacy of the infusion. infusion , the area under the completed curve was obtained by integration and used to appro ximate clearance from blood by dividing the dose by the area under the curve .
The maintenance infusion was calculated by multiplying the des ired concentration at steady state by the clearance rate (12) . The loading. infusion was calculated as Q, = Q2/ ( I -e P ",), where QI = the loading infusion, Q2 = the maintenance infusion, e = the base of the natural logarithms, t = time and Pg = the slope of the terminal log-linear phase of the curve obtained from the 72 hour kinetic study (1 1).
Serum concentrations during the infusion. During the intravenous infusion, blood was sampled every 6 hours to docum ent that the serum concentrations were maintained within the target range and to adjust infusion rates when necessary.
Arrhythmia suppression. All 24 hour electrocardiograms were analyzed on a Camscan superimposition type dynamic electrocardiogram analyzer (American Optical) and count s of isolated premature ventricular complexes , paired premature ventricular complexes and episodes of ventricular tachycardia were obtained. All counts of single and paired prematu re ventricular complexes were spot checked by a technician for accuracy and all episodes of ventricular tachycardia were recorded at a paper speed of 25 mm/s and paper height (11' I mY/lO mm for interval measurement and verification . Ventricular tachycardi a was defined as three or
DAY

Results
Pharmacokinetic data and infusion rates ( Table 3 ). The half-life of the compartments ranged from 4.2 ± 0.8 minutes for the first compartment to 33.6 ± 8.8 hours for the fourth compartment. The clearance rate ranged from 203 to 438 mllmin. The amount of amiodarone given during the 5 mg/kg single dose kinetic study ranged from 285 (Case II ) to 520 mg (Case 2). The serum concentrations at the end of the kinetic study (day 0, hour 0 in Fig . I ) were insignificant at a mean value of 0.06 u g/ml . This was less than 3% of the target concentration.
The loading infusions of amiodaron e calculated from the phann acokinet ic data ranged from 0.5 to 3.9 rug/min , and the maintenance infusions from 0 .43 to 0.84 mg/min. Thus, for the 12 hour loading infusions I ,690 ± 669 mg were administered and for the 36 hour maintenance infusions I A83 ± 273 mg were administered . The total amount of amiodaro ne administered to the patients ranged from 1,948 to 4,637 mg over the 48 hour period .
Serum concentrations during the infusion (Fig. 2) . The serum amiodarone concentration averaged 4.39 ± 2.27 JLg/ ml during the loading phase of the infusions and 2.56 ± 0.56 JLg/ml during the maintenan ce infusions (hours 18,24, 30, 36, 42 and 48 hours, respectiv ely). Patients 4 to 10 required no adjustments of the maintenance infusion. Adjustments were required in Patients I and 2 because a two compartment approximation was used to calculate the clearance rather than the four compartment model described. Adjustments were required in Patient 3 because the second rather than the fourth log-linear phase of distribution was used to calculate the loading infusion rate , and in Patient II because of an adverse reaction (see later ).
Arrhythmia suppression. The results for the seven patients who tolerated 24 hours without antiarrhythmic therapy are shown in Figure 3 . There was a statistically significant reduction in the frequency of ventricular tachycardia and in paired and isolated premature ventricular complexes. The number of episodes of ventricular tachycardia observed on the control 24 hour electrocardiogram ranged from II to 31. During the evaluation 24 hour electrocardiogram , there were zero to seven episodes with three patients demon strating complete suppression . The mean percent reduction was 85% (range 64 to 100; probability [p] < 0.0l). There were 64 to 756 episodes of paired premature ventricular commore consecutive ventricular ectopic complexes at a heart rate faster than lOO/min (13) .
Serum amiodarone concentration analysis. Serum was analyzed for amiodaron e utilizing a high pressure liquid chromatographic method developed in our laborato ry (14 1st residual = (raw data -compartment 4); 2nd residual = (1st residual -compartment 3); 3rd residual = (2nd residual -compartment 2); compartment 4 = visually best log-linear line drawn through the terminal portion of the raw data indicated by the bracket labeled @ and extended back to time = 0 (the end of the infusion); compartment 3 = best log-linear line through the terminal portion of the 1st residual indicated by the bracket labeled @ and extended to T = 0; compartment 2 = best log-linear line through the terminal portion of the 2nd residual indicated by the brackets labeled ® and extended to T = 0; compartment I = line defined by the 3rd residual indicated by the bracket labeled <D . T = 0 = end of infusion.
piexes during the control period versus 0 to 191 pairs during the evaluation period. The average percent reduction was 74% (range 37 to 100; P < 0.01), The mean rate of premature ventricular complexes was 61 to 539/h during the control period and 2 to 84/h during the evaluation period. The mean percent reduction was 60% (range -I to 98; p < 0 .05).
Four patients did not tolerate a control 24 hour electrocardiogram when not receiving therapy because of recurrent ventricular tachycardia or ventricular fibrillation. In Patients I, 8 and II (Table I) , all concurrent antiarrhythm ic therapy was discontinued at the start of the loading infusion (24 hours before the evaluation period ) and in Patient 2, concurrent therapy was discontinued at the start of the evaluation period. In Patient I , recurrence of ventricular tachycardia after the infusion required electrical cardioversion and reinstitution of bretylium therapy. Patient 2 had no ventricular tachycardia during the evaluation period , and Patients 8 and II had only episode s of nonsustained , asymptomatic ventricular tachycardia during this period . All these patients were maintained near or within the target serum concentration range throughout the evaluation period.
At the end of the intravenous infusion, treatment with oral amiodarone, 800 to 1,600 mg/day , was instituted in all patients. All but Patients 3 and 6 eventually had total suppression of all ventricular tachycardia after a mean of 5.9 days (range 0 to 24) . The trough amiodarone serum concentrations at the time of the control study averaged 2.4 8 j.tg/ml (range 0.86 to 3.18). Patient 3 did not have complete elimination of all ventricular tachycardia. Patient 6 had an acute myocardial infarction complicated by pulmonary edema before complete suppression of ventricular tachycardia and amiodarone therapy was discontinued. When amiodaron e therapy was restarted , complete suppression of all ventricular tachycardia was achieved .
The sinus rate slowed gradually from a mean of 77 beats/ min (range 61 to 94) during the control period to a mean of 60 beats/min (range 47 to 77) at hour 15 of the infusion . The nadir occurred near the amiodarone concentration peak . Thereafter, the rate slowly increased and during the evaluation period the heart rate averaged 67 beats/min (range 55 to 90).
Adverse reactions. Patient 9. This patient was one of two patients who had substantial adverse reaction s to the infusion. He was a 62 year old man with idiopathic cardiomyopathy who had recentl y been gradually withdrawn from dopamine therapy for cardiogenic shock . He had been referred for therapy of refracto ry asymptomatic, nonsustained ventricular tachycardia. During the tenth hour of the loading infusion (after a total of 2,000 mg of amiodarone had been infused), the patient 's pulse decreased, blood pressure rapidly decreased to 50 mm Hg by Doppler study and he began vomiting. He was placed in reverse Trendelenburg's position. The amiodarone infusion was stopped and atropine was administered. When the hypotension and bradycardia persisted, epinephrine , 0.25 mg, was given intravenously with immediate restoration of pulse and blood pressure. A second dose of atropine was given and dopamine therapy was begun . Inadvertently, the dopamine infusion line became disconnected and the pulse and blood pressure again decreased, docume nting the atropine-resistant quality of this problem. During the next 2 hours , the dopami ne was discontinued. The amiodarone infusion was restarted at the maintenance rate and the patient tolerated the maintenance infusion without complications .
Patient 11. This patient , the second patient with an adverse reaction, was a 67 year old man with hyperten sive cardiomyopathy and cardiogenic shock who required amiodarone therapy for refractory sustained ventricular tachycardia and several episodes of ventricular fibrillation . These arrhythmias had been refractory to procainamide, quinidine , lidocaine and bretylium, but were manageable with overdrive suppression. A coronary sinus pacemaker was used to preserve the atrial contribution to cardiac output. Before , during and after the infusion , he required dopamine to maintain adequate blood pressure and urinary output. At the eighth hour of the loading infusion. at a time when he had received a total of 1,200 mg of amiodarone at a rate of 2.5 mg/rmn, blood pressure , urinary output and cardiac output decre ased and pulmonary capillary pressure increased. Temporal) cessation of the amiodarone infusion and the addition of dobu tarnine were required to restore urinary output. After 3 hours, amiodarone infusion was restarted at 1.4 mg/rnin . Ten hours later , the cardiac output again decreased and the infusion was stopped. Finally, reinstitution of the infusio n at 0.6 mg/min was well tolerated for the remainder of the study. Both of these patients are currently doing well as outpatient s receiving oral amiodarone therapy. All infusions were administered through central venous catheters because intravenous amiodarone can cause phlebitis when administered through a peripheral vein; no clinical evidence of phlebitis was noted in our patients.
Discussion
Our results indicate that amiodarone has a rapid onset of significant antiarrhythmic effect when administered in doses sufficient to achieve a serum concentration between 2 and 3 p.g/ml. Thus , this study support s the concept that part of the reported delay in onset of the antiarrhythmic effect of amiodarone is caused by insufficient loading .
Reports of oral loading doses of amiodar one . The findings reported by Rakita and Sobol (9) also are consistent with the notion that inadequate initial doses of amiodarone result in a longer delay between the initiation of therapy and effective arrhythmia suppression. They evaluated three initial oral amiodarone treatment regimens to assess the relation of the initial dosage to the delay between initiation of therap y and arrhythmia suppression . They studied 40 patients with recurrent refractory ventricular tachycardia. With doses of 200 to 800 mg daily, 16.9 ± 9.1 days were required for suppression of ventricular tachycardia. With two regimens that used initial doses of 800 to 1,400 mg daily and 1,400 mg daily, 9 .5 ± 6.4 days and 10.6 ± 5.2 flexible initial dosage regimen consisting of intravenous and oral amiodarone in doses of 600 to 2,000 mg daily and noted a mean delay of 9.5 days between the onset of therapy and effective arrhythmia suppression. These studies demonstrate the superiority of 800 to 2,000 mg daily regimens over 200 to 800 mg daily regimens. However, the minimal time to arrhythmia control was not established in these studies because neither used side effects or serum concentration monitoring to define the maximal tolerated oral dose. Our study employed pharmacokinetic data to guide the administration of large intravenous doses of amiodarone to rapidly achieve and then maintain a target serum concentration of 2 to 3 jLg/ml. Utilizing this approach, we were able to substantially shorten the onset of antiarrhythmic effect.
M OSTOW ET A L. INTR A VEN OUS AMIOD ARONE FOR ARRHYTHMIAS
Comparison with other reports of intravenous loading. The efficacy of intravenous amiodarone reported in this study is similar to that reported by Morady et al. (16) . They treated 15 critically ill patients with recurrent refractory symptomatic ventricular tachycardia with intravenous amiodarone, 5 mg/kg for 15 minutes, followed by the infusion of 0 to 1,000 mg of amiodarone for the next 12 to 24 hours. In II of 15 patients, conventional antiarrhythmic drugs were also administered. Symptomatic ventricular tachycardiawas eliminated in 12 patients (80%) in the shortterm study. Two patients died from refractory ventricular tachycardia. Morady et al. (I 6) observed no hypotension or negative inotropiceffect attributable to amiodarone therapy; however, the doses they used were substantially less than those employed in our study. Serum concentrations were not reported.
Horowitz et al. (17) utilized intravenous plus oral amiodarone therapy to treat 11 patients with refractory ventricular tachycardia. They administered amiodarone, 5 to 10 mg/kg intravenously followed by a continuous infusion of 10 mg/ kg per day and 600 rug/day orally. In all patients, spontaneous ventricular tachycardia was eliminated after 72 hours. The mean serum concentration observed at the end of the loading infusion (3 to 5 days) was 2.7 j.Lg/ml (range 1.44 to 3.98).
No side effects were observed in either of the studies described (I6,17 ) . In contrast, we noted significant hypotension in two patients, due in one patient to multiple factors, including bradycardia, vasodilation and probably a negative inotropic effect and in the other to a documented negative inotropic effect with a decrease in blood pressure, an increase of pulmonary capillary pressure, a decrease in cardiac output and a decrease in urinary flow . The first of these patients had recently been treated for cardiogenic shock and had an ejection fraction of 27%. The atropine-resistant quality of his decompensation is consistent with an arniodarone-induced complication (18, 19) . The second patient was in cardiogenic shock during the infusion. He had extremely compromised left ventricular function with an ejection fraction of 19%. In our study, two of four patients with ... ... a history of cardiogenic shock developed complications during the loading infusion. Mechanism of action. Although intravenous amiodarone has a significant antiarrhythmic effect within 24 hours when administered in doses sufficient to achieve and then maintain the serum concentration between 2 and 3 JLg/ml, additional arrhythmia suppression occurred in some patients with continued oral administration of amiodarone at equivalent serum concentrations .. These data suggest that there may be two mechanisms of action; one of relatively rapid onset that may be related to a membrane, cellular or subcellular concentration of drug and a second of slower onset that may be related to an indirect mechanism such as accumulation of metabolite or an effect mediated through thyroid hormone pathways (20) .
Mechanism of side effects. The negative inotropic action of intravenous amiodarone therapy observed in this study has not been seen with oral arniodarone , despite a large international experience in patients with severe left ventricular dysfunction (21) . Amiodarone hydrochloride is insoluble in water. Commercially prepared intravenous amiodarone (Cordarone) is solubulized with polysorbate 80 (Tween 80). Recently, Gough et al. (22) showed that intravenous amiodarone solubulized with polysorbate 80 has negative inotropic effects in dogs. This negative effect could be mimicked by administering polysorbate 80 alone in the same dose and was not seen when the same dose of amiodarone was administered intravenously using ethanol as the vehicle . Gough et al. concluded that the agent causing the negative inotropism was polysorbate 80 and not amiodarone . Thus, in our study, the negative inotropic agent may not be amiodarone but rather the vehicle, polysorbate 80. Another possibility is that the serum concentrations were too high during the loading infusions. The fact that both patients tolerated reinstitution of the infusion at a lower rate supporr.s the concept that the concentration of either amiodarone or polysorbate 80 was too high during the loading infusion. However, in our experience, trough serum amiodarone concentrations in this range during oral therapy have been hemodynamically well tolerated . We believe that the former possibility is more likely .
Significance of pharmacokinetic data. To test the hypothesis that a therapeutic serum concentration would result in rapid arrhythmia suppression, it was critical that the actual serum concentrations were within the target range. Therefore, in the absence of pharmacokinetically derived intravenous loading guidelines, we individualized each patient's loading. and maintenance infusion using data from his own 3 day kinetic study. This approach served two functions . First, the target serum concentration was achieved in all patients and, hence, the hypothesis was properly tested. Second. the pharmacokinetic data themselves were verified by the tact that their use resulted in the reliable achievement of the predicted target serum concentration. A four compartment model was used to analyze the data obtained from the 3 day single dose kinetic data . We believe that all the compartments represent distribution into tissue rather than a combination of distribution and true elimination from the body, because we sampled blood for several weeks after similar intravenous single dose kinetic studies in normal volunteers and found that the terminal phase of elimination was much longer than that observed in any patient in this study (unpublished observations). Thus, the results obtained do not define the true body clearance rate of this unusual drug, but rather the clearance rate from blood during the period studied, that is, the first 3 days. As we have proven, this single dose "distribution" clearance is the relevant clearance for intravenous loading over a 2 day period.
From the pharmacokinetic data presented, it is possible to predict the serum concentrations that would have resulted from giving the same maintenance infusion dose to all the patients studied . The clearance rates observed in this study ranged from 203 to 438 mllmin. Assuming that the mean infusion rate of 0.7 mg/min had been administered to all patients, the resulting concentrations at steady state can be calculated from the equation C ss = Q2/CI, where C ss = the concentration at steady state, Q2 = the maintenance infusion rate and Cl = the clearance from blood (12) . Theoretically then, the steady state serum concentrations achieved in the patients in this study would have ranged from 1.6 to 3.4 JLg/ml. Therefore, in the absence of kinetic data, a loading infusion of 2.3 mg/min for 12 hours , followed by a maintenance infusion of 0.7 mg/min for the next 36 hours would be reasonable in patients without a history of cardiogenic shock .
Clinical implications. Our results indicate that commercially prepared intravenous amiodarone, in the doses employed in this study, is rapidly effective for the suppression of life-threatening ventricular arrhythmias. Utilizing pharmacokinetic data, a therapeutic serum concentration can be rapidly and reliably achieved in most patients. In patients with severe left ventricular dysfunction, caution is required and close monitoring is imperative.
